Description of Corynebacterium trachiae sp. nov., isolated from a white stork (Ciconia ciconia) A Gram-stain-positive bacterial isolate, strain 280/10 T was isolated from the trachea of a white stork. The isolate was morphologically rod-to coccoid-shaped, non-motile and showed no oxidase activity. The highest 16S rRNA gene sequence similarity was found to the type strain of Corynebacterium ciconiae (97.3 % similarity) as the nearest relative of strain 280/10 T , all other 16S rRNA gene sequence similarities to type strains of species of the genus Corynebacterium were below 94.2 %. Strain 280/10 T had a quinone system consisting predominantly of menaquinone MK-8(H 2 ), minor quantities of MK-9(H 2 ) and small amounts of MK-8. The diamino acid of the peptidoglycan was meso-diaminopimelic acid. The major compounds in the polar lipid profiles were diphosphatidylglycerol, phoshatidylglycerol, phosphatidylinositol and an acidic glycolipid. Two phosphatidylinositol-mannosides and several unidentified lipids were also present. The strain contained corynemycolic acids, while only small amounts of cellular polyamines were detected. Spermidine and spermine were predominant in the polyamine pattern of 280/10 T and putrescine was present in moderate amounts. In the fatty acid profile C 18 : 1 v9c, and C 16 : 0 were predominant. The strain was distinguishable from C. ciconiae, which is the most closely related species. In conclusion, strain 280/10 T is proposed to represent a novel species of the genus Corynebacterium with the name Corynebacterium trachiae sp. nov. and the type strain 280/10 T
The genus Corynebacterium comprises Gram-positive rodand sometimes irregularly-shaped bacteria belonging to the Actinobacteria. The chemotaxonomic characteristics include a quinone system consisting of mono-dihydrogenated menaquinones, mainly with eight and/or nine isoprenoid units in the side chain (Collins & Jones, 1981) , peptidoglycan variation A1c with the diagnostic diamino acid meso-diaminopimelic acid (Schleifer & Kandler, 1972) , and usually mycolic acids of lengths 22-38 carbons (Collins et al., 1982) . Species of the genus Corynebacterium have been isolated from various habitats including clinical and non-clinical sources (Bernard & Funke, 2012) . Fernández-Garayzábal et al. (2004) isolated a novel species from the trachea of black storks and described these organisms as Corynebacterium ciconiae. Here, we describe the characteristics of a strain, 280/10 T , which was isolated from a white stork (Ciconia ciconia) and is proposed to represent a second species originating from this group of birds.
During a study on the bacterial colonization of white storks in Poland, a strain was isolated which seemed to belong to the Actinobacteria. One strain, designated 280/10 T , was recovered from a sample taken from the trachea of a stork nestling. The isolate grew well aerobically on 3.36PYE agar (0.99 % (w/v) peptone from casein, 0.99 % (w/v) yeast extract, 1.5 % (w/v) agar, pH 7.2) at 28 u C and in the corresponding liquid medium and was also able to grow on Columbia III agar (Oxoid) supplemented with 5 % sheep blood and also in other nutrient rich media, such as tryptone soy agar and nutrient agar (both Oxoid) but not on MacConkey II agar (Merck). Anaerobic growth on Columbia III agar supplemented with 5 % sheep blood was also observed.
Gram-staining was performed as previously described by Gerhardt et al. (1994) . The pH range for growth was determined in Nutrient broth (Oxoid) adjusted to pH 3-11 (at 0.5 pH unit intervals) prior to sterilization using HCl and NaOH. Growth at 10-55 u C (10, 15, 20, 25, 30, 35 u C, and 35-60 u C (5 u C intervals) was also measured in nutrient broth. The morphological, physiological and biochemical characteristics of strain 280/10 T are given in the species description and in Table 1 . Physiological/biochemical characterization was performed to assess the carbon source utilization pattern, and the hydrolysis of chromogenic substrates, according to methods previously described by Kämpfer et al. (1991) . The CAMP test with Staphylococcus aureus ATCC 25923 was performed as described by Gerhardt et al. (1994) and, in addition, the tests provided in the commercially available test kits, API Coryne and API ZYM, were performed according to the instructions of the manufacturer.
The phylogenetic analysis of strain 280/10 T was performed in ARB release 5.2 (Ludwig et al., 2004) using the 'AllSpecies Living Tree' project (LTP; Yarza et al., 2008) database LTPs115 (released March 2014). Sequences not included in the database were aligned with the SILVA Incremental Aligner (SINA; Pruesse et al., 2012) version 1.2.9 according to the SILVA seed alignment and implemented into the LTP database. The final alignment used for phylogenetic analysis was controlled manually based on secondary structure information. Sequence similarities were calculated without evolutionary substitution models. Phylogenetic trees were reconstructed with the neighbour-joining method and the Jukes-Cantor correction model (Jukes & Cantor, 1969) , the maximumlikelihood method using RAxML v7.04 (Stamatakis, 2006) with GTR-GAMMA and rapid bootstrap analysis, and the maximum-parsimony method using DNAPARS v 3.6 (Felsenstein, 2005) . All analyses were based on 16S rRNA gene sequences between Escherichia coli positions 103 to 1356 [E. coli numbering according to Brosius et al. (1978) ] and were performed with 100 resamplings (bootstrap analysis, Felsenstein, 1985) .
The 16S rRNA gene sequence of strain 280/10 T represented a continuous stretch of 1441 bp, spanning E. coli positions 49 to 1497, according to Brosius et al. (1978) . Pairwise sequence comparisons showed that strain 280/10 T shared the highest sequence similarity to the type strain of C. ciconiae (97.3 %). Sequence similarities with all other species of the genus Corynebacterium were lower than 94.2 %. Phylogenetic trees also showed a distinct clustering of the novel strain and the type strain of C. ciconiae, CIP 108588 T , which was independent of the treeing method applied, whereas the phylogenetic relationship to other type strains of species of the genus Corynebacterium did not alter between the treeing methods (Figs 1, S1, S2 and S3, available in the online Supplementary Material).
The biomass used for the extraction of the peptidoglycan diamino acid, quinones, polar lipids, polyamines and mycolic acids was from cells that were cultivated at 28 u C in 3.36PYE broth (1.0 % peptone from casein, 1.0 % yeast extract, pH 7.2. Quinones and polar lipids were extracted and analysed as described by Tindall (1990a, b) and Altenburger et al. (1996) . Polyamines were extracted and analysed as described by Busse & Auling (1988) and Altenburger et al. (1997) . Mycolic acids were extracted and analysed as described by Frischmann et al. (2012) . The identity of the diamino acid of the peptidoglycan was examined according to Schumann (2011) . Production of biomass, and the extraction and analysis of fatty acids were carried out as described previously (Kämpfer & Kroppenstedt, 1996) .
The quinone systems of the strains comprised, exclusively, menaquinones. Strain 280/10 T contained 1.9 % MK-8, 91.7 % MK-8(H2) and 6.5 % MK-9(H2). This quinone system is in congruence with that listed for the genus Corynebacterium (Collins et al., 1982) , as it has been reported that MK-8 (H 2 ) or MK-9 (H 2 ) or both could appear in this genus.
Strain 280/10
T showed complex polar lipid profiles (Fig.  S4) consisting of: the major lipids diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and a glycolipid showing a chromatographic motility corresponding to an acidic glycolipid reported to be present in several species of the genus Corynebacterium, including Corynebacterium bovis and Corynebacterium xerosis (Minnikin et al., 1977) . Furthermore, there were moderate to minor amounts of two phosphatidylinositol-mannosides, two unidentified phospholipids (PL1, PL2) and traces of a third phospholipid (PL3), an unidentified aminolipid (AL) and a lipid (L) not containing a sugar residue, a phosphate group or an amino group (Fig. S4) . The presence of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and often also one or two phosphatidylinositol-mannosides are characteristics of species of the genus Corynebacterium (Zimmermann et al., 1998; Brennan et al., 2001; Chen et al., 2004; Kämpfer et al., 2009; Busse, 2012; Frischmann et al., 2012; Wiertz et al., 2013) . A glycolipid showing the chromatographic motility of the acidic glycolipid were also reported to be present in Corynebacterium epidermidicanis (Frischmann et al., 2012) and is also present in Corynebacterium singulare and Corynebacterium humireducens. ].
This pattern with the major polyamines spermidine and spermine has already been reported for selected species (e.g. Corynebacterium minutissimum, Corynebacterium renale, Corynebacterium kutscheri) of the genus Corynebacterium (Altenburger et al., 1997).
The diagnostic diamino acid of the peptidoglycan was meso-diaminopimelic acid, which is in agreement with other species of the genus Corynebacterium.
Analysis of the presence of corynemycolic acid in strain 280/10 T revealed a characteristic spot showing almost the same chromatographic motility (results not shown) as the corresponding spot in Corynebacterium falsenii, which was analysed as a reference because it has been reported to contain short-chain mycolic acids (Sjödén et al., 1998 ). These results demonstrate that strain 280/10 T also contains corynemycolic acids (size range 26-36 carbons) distinguishing it clearly from C. ciconiae, which has been reported to lack mycolic acids.
The fatty acid profile (Table S1 ) was composed predominantly of the fatty acids C 18 : 1 v9c (50.6 %), C 16 : 0 (34 %), C 17 : 0 (3.8 %), and C 18 : 0 (11.6 %). This is in accordance with the fatty acid profiles of C. ciconiae (Fernández-Garayzábal et al., 2004) , who also found oleic, hexadecanoic and T with respect to the most closely related species of the genus Corynebacterium. The tree was generated in ARB using RAxML (GTR-GAMMA, rapid booststrap analysis). Gene sequence positions 103 to 1356 were considered [according to E. coli rrnB 16S rRNA gene sequence numbering, (Brosius et al., 1978) ]. Numbers at the nodes represent bootstrap values ¢70 % (based on 100 replications).
The tree was calculated with all species of the genus Corynebacterium with validly published names included; they were partially removed from the final tree without changing the overall tree topology. Some type strains of species of genera of the family Dietziaceae were used as outgroups. Bar, 0.1 substitutions per nucleotide position.
octadecanoic acids as the main fatty acids in representatives of C. ciconiae (Table S1 ).
The results from 16S rRNA gene analysis and the chemotaxonomic characteristics of strain 280/10 T agree with the assignment of the novel species to the genus Corynebacterium. Both strains, 280/10 T and the type strain of C. ciconiae CIP 108588 T , were positive in only very few physiological/biochemical traits, but could be distinguished from each other ( Table 1 ).
The differences in both, the genotypic and phenotypic features, including the presence of mycolic acids in strain 280/10 T but not in C. ciconiae, are considered to be sufficient to consider strain 280/10 T to be a representative of a novel species, for which the name Corynebacterium trachiae sp. nov. is proposed.
Description of Corynebacterium trachiae sp. nov.
Corynebacterium trachiae [tra.chi'ae. L. n. trachia, the windpipe, trachea; L. gen. n. trachiae of the windpipe, trachea, isolated from the windpipe of a stork].
Cells are Gram-stain-positive, non-spore-forming, coccoid sometimes irregular non-motile rods, which grow both aerobically and anaerobically. Colonies are creamy-white, circular, convex, dry and approximately 1-2 mm in diameter on tryptone-soy agar after 24 h incubation at 30 u C. The cells are not typical rods, but coccoid to irregular rods, i.e. the cells are pleomorphic in morphology. Grows on Columbia III agar with 5 % sheep blood, but on MacConkey agar no colonies were observed. CAMP-negative with S. aureus. Catalase-positive and oxidase-negative. The polar lipid profile is composed of the major lipids diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and acidic glycolipid aGL, moderate to minor amounts of two phosphatidylinositolmannosides, two unidentified phospholipids and traces of a third phospholipid, an unidentified aminolipid and a lipid without a sugar residue, a phosphate group or an amino group. The major polyamines are spermidine and spermine. The quinone system contains predominantly MK-8 (H 2 ). The cell wall contains mycolic acids and the diagnostic diamino acid of the peptidoglycan is mesodiaminopimelic acid. In fatty acid profiles C 18 : 1 v9c, and C 16 : 0 and C 18 : 0 in minor amounts were predominantly detected. API Coryne results: pyrazinamidase, a-glucosidase and acid formation from D-glucose, ribose, maltose, sucrose-positive. Nitrate reduction, pyrolidonyl amidase, b-glucuronidase, b-galactosidase, N-actetyl-b-D-glucosaminidase, aesculin hydrolysis, urease, gelatinase and acid production from xylose, mannitol, lactose and glycogen negative. Negative for acid production from D-glucose, lactose, sucrose, D-mannitol, dulcitol, salicin, adonitol, inositol, sorbitol, L-arabinose, 
